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Pyric succession was studied in sand plain lowland fynbos vegetation that was 1 to 19 years post-fire age. Species 
richness and cover in the 39 plots sampled increased from 1 to 3 years post-fire. There was no significant difference 
in percentage live cover in communities of 5 to 19 years post-fire age. Species richness was greatest in 5-year-old 
stands and was significantly higher than 19-year-old communities. Percentage litter cover increased linearly with 
increasing post-fire age. The number of geophyte and annual species was greater in the older communities than 
in the immediate post-fire phase. A descriptive model of pyric succession is presented in which Restionaceae 
are the dominant elements in mature communities. About 30% of the species are common to pre- and post-fire 
communities. About 45% of the species were found only in the pre-fire stands and about 25% were exclusive 
to post-fire vegetation only. Most of the differences in patterns of succession between these lowland communities 
and mountain fynbos are ascribed to the relative aridity of the lowland environment and consequent slower growth 
rates. The stated policy of a burn every 12 or so years for mountain fynbos is too frequent for sand plain lowland 
fynbos. 
Plantsuksessie na vuur was in 1-jarige en 19-jarige plantgemeenskappe in sandvlakte-laaglandfynbos bestudeer. 
In die 39 afgemete persele wat bestudeer was, het die rykheid van soorte en plantbedekking toegeneem van die 
1-jarige tot die 3-jarige fases na die vuur. Daar was geen statistiese betekenisvolle verskil in die persentasie 
plantbedekking tussen die 5-jarige en 19-jarige plantgemeenskappe na die vuur nie. Soorte-rykheid was die hoogste 
in die 5-jaar-oue gemeenskappe en was betekenisvol hoer as in die 19-jarige plantgemeenskappe. Die persentasie 
plantafval het lineer toegeneem met toenemende ouderdom na vuur. Daar was meer geofiete en 1-jariges in die 
ouer plantgemeenskappe as in die onmiddelike fase na die vuur. 'n Teoretiese model van plantsuksessie na vuur 
word voorgestel waarin Restionaceae die dominante elemente in volwasse gemeenskappe is. Ongeveer 30% van 
die soorte kom voor by plantgemeenskappe van beide die fases voor en na die vuur. Ongeveer 45% van die soorte 
was aangetref slegs in die voor-vuurse gemeenskappe en ongeveer 25% was eksklusief by die na-vuurse plantegroei 
aangetref. Die grootste deel van die verskille in suksessionele patrone tussen laagland- en bergfynbos word 
toegeskryf aan die relatiewe ariditeit van die laagland omgewing en die gevolglike stadiger groei tempo's. Die 
beleid van beplande brande ongeveer elke 12 jaar vir bergfynbos is te gereeld vir sandvlakte-laaglandfynbos. 
Keywords: Fire, fynbos, heathland, post-fire succession , regeneration 
*To whom correspondence should be addressed 
Introduction fire communities and are related to current views on pyric 
succession. The sand plain lowland fynbos (Moll et al. 1984) that occurs 
on the coastal foreland of the western Cape Province forms 
part of the fynbos biome (Kruger 1978). The area experiences 
a mediterranean-type climate with dry summers and wet 
winters (Schulze & McGee 1978). 
As in the majority of mediterranean shrublands, fire is 
described as a driving variable in determining fynbos com-
munity composition, structure and succession patterns (Kruger 
& Bigalke 1984; Christensen 1985) and has probably had a 
profound influence on the evolution of plant life histories 
(Naveh 1975; Bond 1980; Kruger 1984). Most of the work 
on pyric succession in fynbos vegetation has been conducted 
in relatively high rainfall mountain fynbos communities 
(Adamson 1935; Wicht 1948; Bond 1980; Van Wilgen 1981; 
Van Wilgen & Kruger 1981; Kruger & Bigalke 1984) and no 
quantitative post-fire succession studies have been undertaken 
in the drier lowland areas of the west coast forelands. This 
study, in communities of 1 to 19 years post-fire age compared 
aspects of succession in mountain and lowland fynbos . In 
particular, we looked at the changes in, and relationships 
between, species richness and percentage cover, and at the 
changes in the number of geophyte and annual species. 
Recruitment and mortality in a succession sequence are 
discussed and a descriptive post-fire succession model for sand 
plain lowland fynbos, which differs from that suggested for 
mountain fynbos (Kruger 1976), is presented. Comparisons 
in species composition are made between pre- and post-
The study area 
The study site is at Pella, 62 km north-east of Cape Town 
(31 °3l'S, 18°32,5'E). The annual rainfall of about 400 mm 
falls predominantly in winter (May- October). The commu-
nities investigated occur on well-drained, deep, infertile sands 
(Brown 1982) and are dominated by restioids, ericoid-leaved 
and proteoid shrubs (Boucher & Shepherd 1987). While 
Asteraceae, Fabaceae, Poaceae and Restionaceae are the 
dominant families in terms of number of genera and species, 
Proteaceae, Rhamnaceae and Restionaceae provide the 
greatest cover in mature communities (i.e. older than 15 years). 
Boucher & Shepherd (1987) describe five communities from 
a phytosociological survey of the study area. While two of 
these communities possessed some strandveld and renosterveld 
shrubland elements (e.g. Salvia spp., Elytropappus rhino-
cerotis) (see Boucher & Moll 1981) we felt, that for the 
purposes of this study, separation of these communities was 
not necessary. We were more interested in broad trends in 
lowland fynbos succession than in details within and between 
communities. 
Materials and Methods 
Thirty nine 10 x 5 m2 permanently marked plots were 
sampled from October to November 1979 by Boucher. The 
plots were subjectively located in vegetation of different post-
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fire ages as determined by Proteaceae node counts. The area 
has a long history of fire and a mosaic of different commu-
nities with different post-fire ages occurs (Brownlie 1982). 
Twelve plots were situated on vegetation which was 5 years 
old, seven were 12 years old, ten were 15 years old, two were 
17 years old and eight were 19 years old. Even-aged stands 
were often not confined to one community but ranged over 
a number of communities. At our gross level of observa-
tion we felt this to be an unimportant criterion. All plots 
were burnt in a wildfire in November 1980. No characteriza-
tion of the fire behaviour was made. The 39 plots were 
sampled by Hoffman in November 1981, 1982 and 1983. In 
each plot the species present were recorded and the percentage 
cover was subjectively estimated. Observer error in species 
identification was controlled by reference, by both observers, 
to an on-site herbarium. Results were assessed by one-way 
analysis of variance (Zar 1974) and correlations between 
variables. The percentage cover of the dominant families at 
each post-fire age was estimated. Based on these data a 
descriptive model of pyric succession was developed. Floristic 
comparisons were made between pre- and post-fire commu-
nities. A detailed study of species' responses to fire was not 
undertaken and little more than general inferences can be 
made. Floristic nomenclature follows Bond & Goldblatt 
(1984). 
Results 
Cover and species richness 
The average percentage live cover per plot for the area 
increased for the first 3 years after fire (Figure 1). Plots that 
were of different ages before the 1980 fire showed no signifi-
cant difference (p < 0,05) in percentage cover (F= 1,47; 
df = 4,34) (Figure 1). Percentage litter cover, (including 
standing dead), increased linearly with vegetation age (y = 
0,27a+0,82; r=0,96; n=8; p < 0,001) but there was no 
significant relationship (p < 0,05) between percentage litter 
cover and either species number or percentage live cover 
(Figure 1). The average number of species increased from the 
first to the third year post-fire (Figure 1). For vegetation of 
5 to 19 years post-fire age there was a significant difference 
in species number (F=7,68; df=4,34;p < 0,01) but the trend 
is not obvious. While the greatest number of species occurred 
in 5-year-old stands there was not a trend of decreasing species 
number with increasing vegetation age thereafter. There is a 
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Figure I Average number of species (11--•), percentage cover 
(.6. - - - .6.) and percentage litter cover (0 .. .. · ·0) per plot ± standard 
deviations for 39 plots surveyed at different stages after fire . Years I 
to 3 are post-1980 fire. 
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significant linear increase in species number with an increase 
in percentage live cover (y= 19,80a+0,27; r=0,81; n=8; 
p > 0,02). 
The number of geophyte and annual species was greater 
in the 5- to 19-year post-fire age plots than those of 1 to 3 
years (Figure 2). The number of species of annuals (repre-
senting 16,60Jo of the flora) fluctuated in the first three post-
fire years (Figure 2). There was no significant difference in 
terms of species richness (p < 0,05) in vegetation of 5 to 19 
years post-fire age (F= 0,60; df = 4,34). Similarly, the number 
of geophyte species (10,4% of the flora) which showed a 
decrease after the first year was not significantly different in 
vegetation of 5 to 19 years post-fire age (F= 1,48; df=4,34) . 
Annuals were mainly represented by species of Asteraceae, 
Scrophulariaceae and Poaceae and geophytes by Hyacintha-
ceae, Asphodelaceae and Iridaceae. While there were a few 
annuals common to both pre- and post-fire communities (e.g. 
Gazania ciliaris, Helichrysum cylindrif/orum), there was 
generally a differentiation between those that occurred in the 
first three post-fire years (e.g. Roella ciliata, Lobelia spp.) and 
those that occurred in older vegetation (e.g. Crassu/a cymosa, 
Polycarena capensis) . Possibly these annuals are temporally 
separated by having germination cues that are only satisfied 
by particular post-fire conditions. 
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Figure 2 Average number of geophyte (D-0) and annual 
(.&- - - .&) species per plot. Vertical bars represent twice the standard 
error. 
Succession 
Table 1 shows the changes in cover with vegetation age for 
the dominant sand plain lowland fynbos families . The two 
communities which possessed some strandveld and renoster-
veld elements have been excluded from this analysis. 
Based on these data a descriptive post-fire successional 
model for sand plain lowland fynbos is outlined in Figure 3. 
Low, (20- 75 em) resprouting ericoid-leaved shrubs, particu-
larly in the Rhamnaceae, Asteraceae and Fabaceae dominate 
the 1- to 10-year-old communities. Resprouting Restionaceae 
(e.g. Cannamois parvijlora and Wil/denowia su/cata) assume 
dominance after about 10 years. Thamnochortus punctatus, 
which is both a reseeder and a resprouter after fire, contributes 
significantly to post-fire cover. Poaceae are an important 
element in the first 3 years but decline thereafter. Geophytes 
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Table 1 Percentage cover ( ± standard deviations) 
contributed by each family at different post-fire ages 
Post-fire ages (years) 
Family 2 3 5 12 15 19 
Rhamnaceae 8±4 8±4 6±4 6±4 6±5 21 ± 13 20± 15 
Asteraceae 7±5 6±4 6±4 6±5 4±1 10± 13 8±6 
Fabaceae 3±3 4±5 4±5 8± 15 I ±I 1±1 2±3 
Rutaceae 2± I 2±2 2±2 1±0 1±1 5±7 5±7 
Restionaceae 3±4 5±4 6±5 17± 16 32± 19 32±20 46±5 
Proteaceae 2± I 3±3 3±4 17± 18 4±7 16±23 10±7 
Liliaceae 
(sensu lata) 1±1 1±2 1±1 1±0 0 1±0 2±1 
Iridaceae 1±1 1±1 0 0 0 0 0 
Poaceae 3±3 4±3 3±2 1±1 0 0 1±0 
and annuals may be present in considerable numbers in 
19-year-old vegetation. 
Resprouting Proteaceae (e .g. Protea acaulos, Leucosper-
mum hypophyllocarpodendron, Leucadendron salignum) are 
present in the first few years after a fire but it is the obligate 
re-seeding Proteaceae (e.g. Leucospermum parile and Protea 
repens) that contribute mostly to cover in later years. Although 
the immediate post-fire period is the most important time for 
recruitment for these obligate reseeders, we observed some 
germination and establishment of new individuals in the 
second and third post-fire years . 
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Figure 3 Successional model for sand plain lowland fynbos from I 
to 19 years post-fire age. 
Pre- and post-fire floristic comparisons 
Figure 4 compares the floristic composition of pre- (1979) and 
post-fire (1981, 1982, 1983) vegetation. Community composi-
tion was radically altered by the 1980 fire. Forty-one to 51 OJo 
of the total species complement for each plot occurred in pre-
fire vegetation only. Between 190Jo and 260Jo of the species 
occurred in the post-fire vegetation only. Pre- and post-fire 
communities share only about 300Jo of the species. 
Discussion 
There are many theoretical problems associated with deriving 
a successional sequence by comparing different-aged stands 
and we are not unique in adopting such an approach. In fact, 
most knowledge on the effects of fire in mountain fynbos 
vegetation has been derived from comparisons of adjacent 
vegetation stands (e.g. Bond 1980; Van Wilgen 1981). Whether 
differences in these stands only reflect pre-existing differences 
(e.g. in site, fire history or species composition) or whether 
they reflect a true successional sequence is seldom clarified. 
Brownlie (1982) has reported a complex fire history for the 
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1979/1983 
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1979/1982 
Pre-fire species 
Species common to both 
pre- and post-fire 
Post-fire species 
Figure 4 Pre- (1979) and post-fire (1981, 1982, 1983) community 
comparisons (o/o ± standard deviations). Data are from 39 plots. 
Pella site. It was not possible to determine the effects of 
different fire histories on the plots used here, as the complex 
and patchy mosaic of different-aged stands made such 
analyses, in our view, impossible. Other than a long-term 
analysis of permanently-marked sites we see no real solution 
to this problem. 
Our data show an increase in species number with in-
creasing cover. This differs from data for mountain fynbos 
communities (Kruger & Bigalke 1984) and from those for 
Scottish heathlands (Gimingham et a!. 1981; Hobbs & 
Gillingham 1984), Australian heathlands (Specht eta!. 1958; 
Specht & Morgan 1981; Specht et at. 1984) and chapparal 
vegetation (Westman 1981). The results from these shrublands 
and heathlands indicate that species richness decreases linearly 
with increasing overstorey foliage projective cover with time 
after fire . Although we did not measure foliage projective 
cover, we suggest that our subjective percentage live cover 
estimates are comparable. Under the comparatively dry 
conditions at Pella, communities may take longer to mature. 
We speculate that the characteristic decline in species number 
and percentage live cover, evident in mountain fynbos com-
munities, will probably only occur after 30 years, or even 
longer in this lowland fynbos site. The linear regression 
equation for species number and percentage live cover for sand 
plain lowland fynbos communities probably only describes 
the growth phase of the curve. If this is the case, then 
important implications for prescribed burning frequencies 
emerge. Based on our succession model we recommend that 
the policy of burning at about 12-year intervals (Kruger 1981) 
should be adjusted for sand plain lowland fynbos communities 
and a longer fire-return interval prescribed. 
The accepted viewpoint for mountain fynbos holds that 
geophytes and annuals are most prevalent in early post-fire 
vegetation (Taylor 1978; Kruger 1977, 1979; Gill & Groves 
1981; Kruger & Bigalke 1984). Our data show that these life 
forms are still common in later years (Figure 2). Unlike some 
mountain fynbos communities studied, this drier lowland 
fynbos site is relatively open and annuals and geophytes exist 
in the intershrub spaces in mature communities. Seasonal 
climatic variations are probably greater and germination cues 
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may be more distinct in these drier shrublands. These data 
should, however, be treated with caution as the incidence of 
annuals and geophytes in mature, closed-canopy lowland 
fynbos communities (e.g. around Mamre) is unknown. 
The flowering of many mountain fynbos monocotyledons 
is stimulated by fue (e.g. Watsonia pyrimidata) (Kruger 1977; 
Kruger & Bigalke 1984). In sand plain lowland fynbos a 
similar response is evident in Poaceae (e.g. Pentashistis thun-
bergii and Aristida junciformis). 
Pyric succession at this lowland fynbos site differs from 
previous models for mountain fynbos (Kruger 1976; Kruger 
& Bigalke 1984). This descriptive account of community 
change following fire (Figure 3) suggests that Restionaceae 
play a more important role in community structure and 
composition than has been suggested, and together with 
species of Proteaceae and the ericoid-leaved element, dominate 
old vegetation. Geophytes did not exhibit the massive recruit-
ment in early post-fue periods as is evident in some mountain 
fynbos species (e.g. Watsonia pyrimidata) following an 
autumn burn (Kruger & Bigalke 1984). This species, however, 
fails to . recruit following a spring burn (Kruger & Bigalke 
1984). We do not know what the effect of a burn in autumn 
would be on lowland fynbos geophyte populations. 
Christensen (1985) suggests that for most fire-dependent 
systems the post-fire community will closely resemble that of 
the pre-fue community [a pattern described as 'autosuccession' 
(Hanes 1971)] . Kruger (1984) further suggests that pyric 
succession for fynbos follows Connell & Slatyer's (1977) 
inhibition model in which the post-fire community is nearly 
identical in species composition to the pre-fire community. 
Figure 4 shows that, in this case, pre- and post-fire com-
munities share only about 300Jo of the species. If pyric suc-
cession occurs by a gradual elimination of the original species 
complement and not by a species replacement sequence (Egler 
1954; Gill & Groves 1981), and if the immigration of species 
on to sites is unimportant (Kruger 1977; Kruger & Bigalke 
1984), then the concept of autosuccession is untenable in this 
instance. Perhaps Kruger's (1984) statement that fire season 
and frequency can greatly affect regeneration patterns, should 
be considered more seriously if succession models are to have 
any predictive success. 
The post-fire succession patterns described in this study 
contradict many accepted generalizations about fue effects and 
vegetation responses, not only for mountain fynbos com-
munities but for fire-adapted Mediterranean-type shrublands 
in general . We can make two conclusions about this. Either 
sand plain lowland fynbos is unique in its response to fire, 
or our data merely reflect the high variance in community 
responses to fue. We tend to favour the second assumption. 
There is a differential response of species to fire and a burn 
in late summer or autumn might have resulted in a different 
community composition. 
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